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Abstract The effectiveness of arthroscopic pump sys-
tems has been investigated with either subjective measures
or measures that were unrelated to the image quality. The
goal of this study is to determine the performance of an
automated pump in comparison to a gravity pump based on
objective assessment of the quality of the arthroscopic
view. Ten arthroscopic operations performed with a gravity
pump and ten performed with an automated pump (FMS
Duo system) were matched on duration of the surgery and
shaver usage, type of operation, and surgical experience.
Quality of the view was deﬁned by means of the presence
or absence of previously described deﬁnitions of distur-
bances (bleeding, turbidity, air bubbles, and loose ﬁbrous
tissue). The percentage of disturbances for all operations
was assessed with a time-disturbance analysis of the
recorded operations. The Mann–Whitney U test shows a
signiﬁcant difference in favor of the automated pump for
the presence of turbidity only (Exact Sig. [2*(1-tailed
Sig.)] = 0.015). Otherwise, no differences were deter-
mined (Exact Sig. [2*(1-tailed Sig.)][0.436). A new
objective method is successfully applied to assess efﬁ-
ciency of pump systems based on the quality of the
arthroscopic view. Important disturbances (bleeding, air
bubbles, and loose ﬁbrous tissue) are not reduced by an
automated pump used in combination with a tourniquet.
The most frequent disturbance turbidity is reduced by
around 50%. It is questionable if this result justiﬁes the use
of an automated pump for straightforward arthroscopic
knee surgeries using a tourniquet.
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Introduction
During arthroscopic surgery, the joint is continuously irri-
gated with saline ﬂuid which is pressurized to create joint
distension. The saline ﬂuid ﬂow removes disturbances in
the arthroscopic view such as bleeding, air bubbles or
synovial ﬂuid. This improves the visibility of the arthro-
scopic view, which is an essential condition to perform an
operation safe and fast. In this light, the quality of arthro-
scopic view has been deﬁned as good or optimal if no
disturbances are present [11]. In clinical practice, distur-
bances cannot always be prevented and maintaining a clear
view is sometimes difﬁcult [7, 10]. In a recent study per-
formed by the authors, post-procedure analysis of 20
routinely performed arthroscopic knee procedures showed
that 6% (SD 4%) of the total operation time was solely
dedicated to obtaining a clear view. Since the number of
arthroscopic procedures is large and still growing (60,000
per year in the Netherlands [8], and 1.7 million menisc-
ectomies alone per year worldwide [3]), reducing the
operating time by optimizing the view would be desirable.
The quality of the arthroscopic view is dependent on a
number of factors such as the type of pump system,
instruments, and condition of the joint [11]. In this study,
the focus is on the type of pump system. The classical
gravity pump and (automated) volumetric pumps are
available for irrigation [10]. The main differences between
these pumps are that the gravity pump causes a pressure
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and is manually controlled, whereas the volumetric pumps
cause a ﬂuid ﬂow and have some type of automated pres-
sure control. Since the automated pumps are regulated, in
theory they should perform better in irrigation in the sense
that the percentage of disturbed view over time should be
less. In literature, the effectiveness of automated pump
systems has been investigated [2, 4–6]. However, only
subjective measures were used, such as visual clarity on a
three-point scale or measures that were unrelated to the
image quality, such as the number of ﬂuid bags. The goal
of this study is to determine the performance of an auto-
mated pump in comparison to the gravity pump based on
objective assessment of the quality of the arthroscopic
view. Therefore, a quantitative time-disturbance analysis
was performed with uniquely described deﬁnitions for the
different types of disturbances [11].
Methods
Only routinely performed procedures were included such
as meniscectomy, cyst removal, debridement of a partial
rupture of the anterior cruciate ligament, and diagnostic
arthroscopy. Cruciate ligament reconstructions were not
included. The patients were not notiﬁed of the recordings,
because the operation was not affected and the patients’
identities could not be traced from the videos. No power
analysis could be performed for this study, because no
information was available on the variation of the distur-
bances. In accordance with other studies, it was decided to
use ten operations for each of the two pump systems (20 in
total) [2, 4]. The matching criteria were the number of
operations, the duration of the operations, the duration of
shaver usage, the type of operation, and the working
experience of the surgeons. Matching of the shaver dura-
tion was performed, because some disturbances were
expected to occur more frequently when using the shaver.
Besides, a shaver is often used to clarify the view by
temporarily increasing the ﬂow. All surgeons who per-
formed the operations had the same education and
comparable working experience.
Ten arthroscopic knee procedures for which the gravity
pump was used were recorded at 6 days within a time
frame of 2 months. From the operations that met the
inclusion criteria, ten were selected with randomization
tables. Ten arthroscopic knee procedures performed with
an automated pump were matched postoperatively to
eliminate factors other than the irrigation pump systems
that inﬂuence the arthroscopic view (Table 1).
The recordings of operations with a gravity pump were
performed in the day care centre of Academic Medical
Center (Amsterdam, The Netherlands). The recordings of
operations with an automated pump were performed in the
day care centre of the Sint Maartenskliniek (Nijmegen, The
Netherlands). The latter hospital utilizes the automated
FMS Duo pump (FMSGroup, Nice, France). Table 2 shows
the details on the standard operation setting for both hos-
pitals using the different pumps. Most disturbances are
more or less independent of the quality of the camera, the
light source, and the arthroscope. It was assumed that these
devices were functioning properly at the time of recording,
because all operations were executed in acknowledged
hospitals, in which the technical service department rou-
tinely inspects the equipment. A tourniquet was routinely
applied at the start of the arthroscopic knee operations with
a vacuum level of 300 mmHg. Drills, vaporizing devices,
microfracturing, arthroscopic drills or meniscal repair
devices were not used.
Table 1 Matching of the two pump groups was performed based on
the number of operations, the total duration of all operations, and the
share of shaver usage
Operation Time
(min:s:frames)
Shaver
time (s)
Gravity pump
Cyst removal 17:55:11 114
Meniscectomy 26:03:15 363
Meniscectomy 33:15:09 288
Meniscectomy 19:56:10 416
Meniscectomy 13:37:18 313
Meniscectomy 17:55:13 508
Meniscectomy 12:10:15 153
Meniscectomy 15:09:02 150
Debridement partial rupture of anterior
cruciate ligament
16:30:03 290
Diagnostic 7:12:03
Total duration 179:45:24 43:15:0
Shaver time as percentage of total duration (%) 24.1
Automated pump
Meniscectomy 30:37:11 410
Meniscectomy 13:49:15 120
Meniscectomy 16:07:12 122
Meniscectomy 22:10:01 404
Meniscectomy 15:08:16 237
Meniscectomy 11:05:19 290
Meniscectomy 27:35:00 325
Meniscectomy 14:16:13 149
Debridement partial rupture of anterior
cruciate ligament
17:41:10 284
Diagnostic 7:08:21
Total duration 175:40:18 39:01:0
Shaver time as percentage of total duration (%) 22.2
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123The comparison of the pumps was conducted by
assessing the quality of the arthroscopic view per opera-
tion. Extending the deﬁnition of arthroscopic image quality
by Tuijthof et al. [11] to the setting of irrigation perfor-
mance of the pump systems, it is proposed that the pump
for which the least percentage of disturbances occurs is the
most effective. Seven disturbances of the arthroscopic view
have been uniquely described and deﬁned [11]. Not all of
them can be prevented or removed by irrigation. Therefore,
a subset of these disturbances was chosen for comparison
of the pump systems: bleeding, turbidity (caused by
synovial ﬂuid and debris, Fig. 1), air bubbles, and loose
ﬁbrous tissue. The same recording equipment and quanti-
tative time-disturbance analysis was performed as
described in Tuijthof et al. [11]. Therefore, the recordings
of the operations were analyzed frame by frame to assess
the presence of the four disturbances in each frame. In
addition to the total operation time, each operation was
divided into phases to assess dominant prevalence of dis-
turbances in a particular phase: (1) creation of portals, (2)
joint inspection with or without a probe, (3) cutting, and (4)
shaving. Phase 1 was the time required to achieve access to
the joint by means of the arthroscope; thus the period from
the ﬁrst frame of the recorded digital video until the frame
where a clear sharp arthroscopic view is presented for the
ﬁrst time. Added with this period is the time required to
create the second and third portal: the period from the
frame where the tip of a needle is seen for the ﬁrst time
until the frame where the tip of an instrument occurs.
Phases 3 and 4 were deﬁned as the frames in which the
speciﬁc instrument was present in the arthroscopic view.
The remainder of the operation time was indicated as Phase
2 inspection.
The 20 digital videos were analyzed by two testers who
each assessed an equal number of operations of each group.
Their tester agreement was determined prior to the time-
disturbance analyzes by means of the adjusted kappa [1, 9].
For each of the four disturbances, the adjusted kappa was
larger than 0.80 indicating good agreement. Statistical
analysis was performed with SPSS 12.0.2 (SPSS Inc.,
Chicago, IL, USA). The presence of a normal distribution
for both datasets was determined with the Kolmogorov–
Smirnov and Shapiro–Wilk tests. With the help of a one-
way analysis of variance test (ANOVA) signiﬁcant statis-
tical differences were assessed in case the data were
normally distributed. Otherwise, the nonparametric Mann–
Whitney U test (Wilcoxon rank sum test) was applied.
Results
Almost 3 h of digital video material has been analyzed for
both groups (Table 1). The mean operation time is around
18½ min for the gravity pump, and 17½ min for the
automated pump. In each pump group, the total time of
shaver usage is around 23% (Table 1). The Kolmogorov–
Smirnov and Shapiro–Wilk tests show that the datasets are
not distributed normally. As a consequence, the results of
Table 2 Standard operation
setting for the gravity and the
automated pump
Gravity pump Automated pump
Portals Anteromedial and anterolateral Anteromedial, anterolateral, and superomedial
Pump settings Preset pressure of 49 mmHg
(elevated saline ﬂuid bag at
0.66 m)
Suction pressure of -500 mmHg
Indicated setting for knee arthroscopy is 50,
which implies a preset pressure of 113 mmHg
and a continuous ﬂow of 90 ml/min
Instrument set Ø 4 mm arthroscope (Karl Storz,
Gemany)
Probe and punches (Dyonics, UK)
Ø 4.5 or 5.5 mm full radius shaver
(Dyonics, UK)
Ø 4 mm arthroscope (Karl Storz, Gemany)
Probe and punches (Dyonics, UK)
Ø 4.5 or 5.5 mm full radius shaver
(Dyonics, UK)
Fig. 1 Three images of the
disturbance turbidity, which
consists of synovial ﬂuid and
small particles
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123the percentages of each disturbance of the total operation
time are presented with the median, minimum and maxi-
mum (Fig. 2). The disturbances show a substantial
variation per operation. Turbidity was the dominant dis-
turbance in both pump groups (median of 18% of the total
operation time for the gravity pump versus 8% for the
automated pump). The Mann–Whitney U test shows a
signiﬁcant difference for the presence of Turbidity (Exact
Sig. [2*(1-tailed Sig.)] = 0.015) between both pump
groups in favor of the automated pump. No signiﬁcant
differences are found for the other three disturbances
(Exact Sig. [2*(1-tailed Sig.)][0.436) (Fig. 2).
Not all of the four operation phases were present in the
20 operations. Phases 3 and 4 were absent in both diag-
nostic arthroscopies. Additionally, punches were not used
in ﬁve operations in the gravity pump group, and three in
the automated pump group. As was expected the creation
of portals was the shortest phase (10% for the gravity pump
versus 5% for the automated pump), and inspection was the
longest phase (59% for the gravity pump versus 51% for the
automatedpump).Puncheswereusedmorefrequentlyinthe
automated group (7% for the gravity pump versus 21% for
the automated pump). Analyzing each of the four operation
phases separately shows a signiﬁcant difference in favor of
the automated pump for Turbidity in Phase 2 (Exact Sig.
[2*(1-tailed Sig.)] = 0.019). For all other disturbances and
operation phases no signiﬁcant differences are determined
(Exact Sig. [2*(1-tailed Sig.)][0.165). The Mann–
Whitney U test within each of the pump groups shows a
signiﬁcant difference for loose ﬁbrous tissue (Fig. 3).
In detail, the gravity pump shows the following results:
Phase 1 versus 3 (Exact Sig. [2*(1-tailed Sig.)] = 0.002),
Phase 1 versus 4 (Exact Sig. [2*(1-tailed Sig.)] = 0.010),
and Phase 2 versus 3 (Exact Sig. [2*(1-tailed Sig.)] =
0.002). The automated pump shows these results: Phase 1
versus 2 (Exact Sig. [2*(1-tailed Sig.)] = 0.017), Phase 1
versus 3 (Exact Sig. [2*(1-tailed Sig.)] = 0.001), and Phase
2 versus 3 (Exact Sig. [2*(1-tailed Sig.)] = 0.022).
Discussion
The objective of this study was to compare two types of
irrigation pump systems (the classic gravity pump and a
widely used automated pump) based on their effectiveness
in maintaining a clear arthroscopic view. Comparison of
the effectiveness of pump systems has been performed
[2, 4–6]. However, none of these studies measured the
arthroscopic image quality objectively in detail. Besides
the objective comparison, the time-disturbance analysis
gave quantitative values for the frequency of four
disturbances.
Turbidity was the dominant disturbance in both pump
groups being present in a considerable percentage of the
operation time (Fig. 2). The results show that for routinely
Fig. 2 Results of the share of disturbances in the arthroscopic view
as percentage of the total operation time for each operation and each
of the two groups. The results are presented with the median,
minimum, and maximum numbers, because the datasets were not
distributed normally. *The Mann–Whitney U test shows a signiﬁcant
difference for Turbidity (Exact Sig. [2*(1-tailed Sig.)] = 0.015)
Fig. 3 Results of the share of
disturbances in the arthroscopic
view as percentage of the phase
time for each operation in the
gravity pump group (a), and the
automated pump group (b).
The results are presented with
the median, minimum, and
maximum numbers, because the
datasets were not distributed
normally. *The Mann–Whitney
U test shows only a signiﬁcant
difference for loose ﬁbrous
tissue in both pump groups
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123performed arthroscopic knee operations, the automated
pump was signiﬁcantly more effective in reducing the
presence of turbidity with 50% on average. This ﬁnding
can be explained by the continuous ﬂow of 90 ml/min that
is activated by the automated pump as opposed to the lower
ﬂow cause by leakage along the portals when using the
gravity pump and a two-portal technique. No difference
was determined for the other three disturbances. The low
percentage of bleeding can be attributed to the use of a
tourniquet in all operations. In order to determine the
effectiveness of pump systems for this disturbance, analy-
sis of shoulder surgeries would be more convenient.
The found variation in the duration of disturbances per
operation could have been caused by the condition of the
knee joints, because this factor could not be completely
eliminated with precise matching. With this knowledge, a
future suggestion is to analyze a larger number of patients
per pump group to determine possibly other signiﬁcant
differences in pump performance.
Comparison of the operation phases independently
showed similar results for the inspection phase compared
to the total operation time, probably because this was the
longest phase. Since the creation of portals was a relatively
short phase, and the use of punches was absent for almost
half of the operations, no signiﬁcant differences were
found. However, analysis of both groups internally showed
that the presence of loose ﬁbrous tissue was generally
signiﬁcantly higher in when an instrument was used
(Phases 3 and 4). This is in accordance with the general
expectation and conﬁrms the applicability of this method
for quantiﬁcation of disturbances in the view.
Concluding, this study shows that important distur-
bances as bleeding, air bubbles, and loose ﬁbrous tissue are
not affected by a pump system when performing a routine
knee arthroscopy with a tourniquet. The most frequent
disturbance turbidity is reduced by around 50% when using
an automated pump. It is questionable if this justiﬁes the
use of an automated pump for straightforward arthroscopic
knee surgeries using a tourniquet, since the purchase of an
automated pump is more costly.
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